This paper summarizes the structural characterization of borassus fruit fibers by means of various characterization techniques, optimization of alkali treatment of borassus fruit fine fibers (BFF) with a 5% concentration sodium hydroxide solution for different time intervals (1, 4, 8 and 12 h) and the changes occurring in borassus fibers. This paper also discusses the manufacturing of BFF/PP compotes using MAPP as a compatibilizer in addition to alkali treatment. Composites were evaluated for their mechanical and morphological properties. The tensile strength and modulus, flexural strength and modulus and impact strength were increased for alkali treated/MAPP composites by 4.5%, 17%, 17.2 %, 9% and 10% respectively.
Introduction
Over the last few years, ecological concerns have initiated a considerable interest in natural materials to produce 'green' products. The use of natural fiber composites has increased due to the unlimited availability of natural fibers, their relative cheapness compared to conventional materials such as glass and aramid fibers, multi-functionality, their ability to be recycled, and for the fact that they compete well in terms of strength per unit weight of material [1] [2] [3] [4] [5] [6] [7] . Natural fibers like jute, flax, hemp coir and sisal have all proved to be good reinforcement in thermoset and thermoplastic matrices and have been used in automotive applications, construction as well as in packaging industries [8] [9] [10] [11] [12] [13] .
Borassus (Palmyra Palm) is a genus of six species of fan palms, native of tropical regions of Africa, Asia and New Guinea, economically useful and widely cultivated. It is a long life tree and can live up to 100 years reaching a height of 30 m, with a canopy of leaves and a large trunk resembling that of a coconut tree. The Palmyra palm has been one of the most important trees of Cambodia and India, where it is useful over 800 different ways. The fruits are eaten either roasted or raw, and the young, jellylike seeds are also edible [14, 15] . Preliminary studies on properties of Borassus fruit fibers have already been reported by the authors [16] . The authors also further investigated the effect of alkali treatment (for 1, 4, 8 and 12 h) on the Borassus fine fiber tensile properties and chemical composition. In addition, the morphology and structural, crystallinity and thermal degradation of Borassus fibers were also investigated. [17] . In continuation to the above preliminary research, we further intended to fabricate borassus fruit fiber/Polypropylene (BFF/PP) composites by using 5 wt % of fiber. In order to improve the adhesion between fibers and matrix, maleated polypropylene (MAPP) was also used as compatibilizer [The grafting of maleic anhydride (MA) on PP is one popular method for improving the interfacial adhesion] [18, 19] in addition to the alkali treatment. Mechanical and morphological properties of untreated, alkali treated and MAPP modified fiber reinforced composites were explored.
In the present paper, we are summarizing the basic research carried out so far on BFF modification by alkali treatment, and the mechanical and morphological properties of BFF/PP composites. 
Experimental

Materials
Borassus fibers were extracted from the ripened fruits based on the procedure reported elsewhere [16] . Acetic acid, benzene, ethanol, sodium bisulphite, sodium chlorite and sodium hydroxide pellets (Merck Chemicals) were used as purchased.
The coupling agent, Poly (propylene)-graft-maleic anhydride (MAPP) (Aldrich) and Sodium hydroxide (NaOH) (Dae-Jung Chemicals) were purchased and used as received. Polypropylene was obtained from Honam Petrochemical Corporation, South Korea.
Composites fabrication
PP, short fine fiber and MAPP (for modified composites)
were mixed using a twin-screw extruder (PRISM, TSE 16TC, Thermoelectron Corporation). The temperature of barrel and die was 190 °C and the screw speed was 120 rpm. Subsequently, the extrudate was palletized, dried, and injection molded into standard specimens for mechanical properties testing. The injection-molding temperature and pressure were 200 °C and 60MPa, respectively.
Instrumentation
Thermal properties were studied by DSC and TGA. The wide-angle X-ray diffraction spectra of the fibers were recorded on a Rigaku Dmax 2500 diffractome. A Universal Testing Machine (Norwood, MA) at a crosshead speed of 5 mm/min with a gauge length of 50 mm was used for single fiber testing. In each case, 10 samples were used and the average was reported. Tensile, flexural and impact properties of BFF/PP composites were studied according to ASTMD 6389, D790-03 and ASTM 256-88 respectively. The morphology of the fibers and nanocomposites were studied by SEM.
Results and discussion
Structural characterization of borassus fruit fibers
Work relating to the extraction of the BFF from the fruit, study of the chemical composition, and the influence of the 5 % alkali treatment on the properties of the fibers were reported in the literature [16] . Usually a borassus fruit contains cores and fine fibers as shown in the Fig. 1 The composition of the fibers is estimated by chemical analysis and the analysis of untreated fibers indicates the presence of cellulose, hemicellulose, and lignin. The results Each unit cell of fibers is composed of small particles of cellulose surrounded and cemented together with lignin and hemicellulose. Tensile properties were also evaluated for both untreated and alkali treated coarse and fine fibers. The data revealed that for both coarse and fine fibers, the maximum stress, Young's moduli, and % elongation at break were increased on alkali treatment. The presence of hemicellulose,
